In introducing the work we have done on thioctic a c i d , I think i t would b e b e s t to divide the discussion into three m o r e o r l e s s distinct p a r t s : The f i r s t would constitute a description of the experimental events that l e d o u r l a b o r a t o r y to focus i t s attention on thioctic a c i d ; the second would be a discussion of s o m e of the p u r e l y chemical and physical p r o p e r t i e s of thioctic acid which this awakened i n t e r e s t prompted u s to investigate; and, l a s t l y , a r e t u r n to the biological a s p e c t s and a description for you of s o m e of our own m o r e recent biological investigations with thioc tic acid.
Our i n t e r e s t in this m a t e r i a l (thioctic acid) c a m e about in the c o u r s e of the investigation of the m e c h a n i s m by which green plants can convert electromagnetic e n e r g y into chemical e n e r g y i n that they a r e able to reduce c a rbon dioxide with w a t e r to produce reduced c a r b o n in the f o r m of carbohydrates (and other reduced m a t e r i a l s ) together with molecular oxygen. T h i s i nv e s tigation of the way i n which C 0 2 is reduced has r e a c h e d a c e r t a i n L e r m in a l phase, and we a r e now able to write down all the r e a c t i o n s through which c a r b o n p a s s e s on i t s way f r o m c a r b o n dioxide to reduced carbon. The way i n which this was determined i s , of c o u r s e , a Bong s t o r y and not f o r today's discussion. 1 would like to show you the end r e s u l t s of this work, however, s o that you will s e e what o u r starting point m a y be. F i g u r e 1 gives a p i c t u r e of what the path of carbon is, on i t s way f r o m GO2 to carbohydrates. ( T h i s i s not d i r e c t l y pertinent to what follows, but gives a n idea of what the significance is of the t e r m "photosynthetic c a r b o n cycle. ") Carbon dioxide e n t e r s the cycle b y reacting with ribulose -1, 5 -diphosphate, a five -carbon s u g a r , to give two molecules of 3-phosphoglyceric acid (PGA). The 3-PGA c a n then be reduced by the well-known enzyme s y s t e m , t r i o s e phosphate dehydrogenase, with reduced pyridine nucleotides a s reducing agent and with the a s s i s t a n c e of high-energy phosphate (adenosine triphosphate, A T P ) to produce 3 -phosphoglyceraldehyde. This 3 -phosphoglyceraldehyde m a y then undergo a s e r i e s of f o u r simultaneous r e a c t i o n s . The ' f i r s t i s isomerization t o a keto t r i o s e which then can condense b y the well-known enzyme aldolase t o hexose, which by a sequence of transformations can l e a d to s u c r o s e . * P r e s e n t e d a t the International Symposium on Recent Developments of C h e m i s t r y , Biochemistry, Pharmacology and Clinical Activity of Thioc tic Acid, November 28, 1955, at Institute of Pharmacology and Toxicology, University of Naples, Naples, Italy; to be published i n the proceedings of that symposium. t~h e p r e p a r a t i o n of this p a p e r was sponsored by the U . S . Atomic Energy C o m m i s i i o n . T h e hexose may lose one phosphorus group to f o r m hexose monophosphate which, then, under the influence of the enzyme transketolase, reacts with t r i o s e phosphate to f o r m a pentose phosphate and a tetrose phosphate. The tetrose phosphate under the influence, again, of aldolase (the same enzyme that made the fructose diphosphate) can now condense with a keto triose phosphate to ke tose diphosphate. It also may lose one phosphoric acid group, in the same way the hexose did, to produce sedoheptulose-7-phosphate, which can subsequently undergo the s a m e transketolase reaction a s did the hexose a t this point to produce two pentoses: one keto pentose and one aldo pentose. Finally, the keto pentose may be phosphorylated with ATP to produce again pentose diphosphate, thus completing the cycle. What i s r equired here in o r d e r to make the cycle go i s reduced pyridine nucleotide and ATP; these a r e the two reagents that a r e used up and must be supplied by the light.
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Schematically this cycle i s represented in Fig. 2 , which shows the r elationship between the cycle and the absorption of light which must ultimately supply the necessary pyridine nucleotide and ATP. An investigation of the effect of light upon the behavior of the carbon cycle at this point-in o r d e r perhaps to discover something of the chain of events f r o m excited chlorophyll through the energy converter, which may react with water to produce oxidizing a n d reducing agent-led us to an interest in thioctic acid. Clearly, since there must be a connection between the photochemical p r o c e s s and the c a rbon cycle, it should be possible, f r o m studies on the effect of change of the light intensity upon the carbon cycle, to gain information about the energyconversion process. The result of an observation of the changes in the phosphoglyce ric acid and other radioactive compounds before and after illumination was the way in which this was done. Results of these experiments a r e shown in Fig. 3 . While the light i s on, the PGA that i s in the c ycPic system very soon becomes saturated with radioactive carbon, because the carbon i s passing through the phosphoglyceric acid in a cyclic manner on i t s way f r o m CO to sugar. On the other hand, while the light i s on, the appearance of l a b h e d carbon in citric and glutarnic acids, one a m e m b e r and one a relative of the tricarboxylic acid o r Krebs cycle, i s very slow; that i s , when the light i s on, radioactive carbon entering a s CO p a s s e s through PGA, but not very rapidly into citric and glutamic a c i h The moment the light i s turned off, not only does the phosphoglyceric acid concentration r i s e by approximately a factor of two, but the c i t r i c acid concentration also r i s e s , eventually by a factor of more than ten, and i t s rate of appearance by a factor of more than twenty.
It i s c l e a r that the effect on the rate of appearance of radioactive c i t r i c acid f r o m phosphoglyceric acid cannot be a simple change in dynamics, since i t would be a factor of only two, while h e r e the factor i s twenty. It follows that there must be some catalytic "vallving" action of the light. Figure 4 represents the citric acid cycle. Here i t i s c l e a r that the carbon f r o m the phosphoglyceric acid enters into the citric acid cycle, and as the reaction proceeds, we a r r i v e at ketoglutaric acid, which i s a close relative of glutamic acid. These a r e two acids that we have used a s indicators of the appearance of radiocarbon in all the acids of this cycle. Figure 5 shows the general relationship between the photosynthetic c y c l e (Fig. 1 ) and the Krebs, o r tricarboxylic acid, cycle (Fig. 4) the light is on, carbon m a y e n t e r the photosynthetic cycle but m u s t go through the m a j o r pools of carbohydrates, proteins, and f a t s in the o r g a n i s m and plant before i t r e t u r n s to the tricarboxylic acid cycle, But the moment the l i g h t is turned off, a new path f o r carbon, leading i t f r o m the P G A of the photosynthetic cycle to the tricarboxylic acid cycle, i s opened without going through the m a j o r s t o r a g e pools of the plant. In an attempt to understand this "valving" mechanism of the light we focused o u r attention s o m e two o r t h r e e y e a r s ago on thioctic acid.
The r e a s o n f o r this i n t e r e s t is that the only way in which c a r b o n e n t e r s the tricarboxylic acid cycle i n a noncatalytic fashion-that i s , i n a m a s st r a n s f e r fashion-is through the condensation of acetyl Coenzyme A with 6 r e p r e s e n t something of the h i s t o r y of this substance. Thioctic acid was recognized a s a cofactor f o r pyruvic a c i d oxidation and a s a growth factor f o r Tetrahymena and given the name P r o t o g e n A; i t was recognized a l s o a s an acid during the c o u r s e of isolation of fatty acids and given the name of a-lipoic acid; and, finally, when i t s s t r u c t u r e was known and i t was synthesized, i t was given the name of 6 -thioctic acid.
The f a c t that i t operated in this way to make acetylthioctic acid was readily demonstrated in o u r l a b o r a t o r y b y the u s e of radioactive pyruvic acid and the isolation of the a c e tylthioctic acid f r o m such a reaction m i x t u r e . Immediately we supposed that this was the route f o r the p a s s a g e of carbon f r o m the photosynthetic cycle into the K r e b s cycle a s s e e n i n F i g . 5. (You c a n now s e e how this route controls the d i r e c t p a s s a g e of carbon f r o m the photosynthetic cycle into the tricarboxylic acid cycle. ) In o r d e r f o r carbon to go through this path, i t is n e c e s s a r y f o r the thioctic acid to be i n the disulfide f o r m to c a r r y out the oxidation that i s r e q u i r e d to make acetylthioc tic acid. The thioc tic acid is reoxidized f r o m the reduced f o r m --the dithiol f o r m --by an enzyme s y s t e m which will take the two hydrogens, t r a n s f e r them to the pyridine nucleotide, and r e t u r n the sulfur into the fivecarbodisulfide ring. If the amount of disulfide p r e s e n t in the s t e a d y state is reduced, then the rate of passage of carbon through this sequence of r eactions m u s t , of c o u r s e , be reduced. I t was p r q o s e d that the m e c h a n i s m of control by the light of this p a s s a g e of carbon (the dotted line of F i g . 5) l a y i n the ability of the light to shift the equilibrium f r o m disulfide to dithiol.
About the time we recognized and proposed the m e c h a n i s m d e s c r i b e d above, the synthetic thioctic acid became available. We obviously had to understand some thing of the c h e m i s t r y of this substance --its peculiarities and i t s vagaries --so we undertook to study both thioc tic acid itself and i t s F i g . 6.
M e c h a n i s m of photochemical c o n t r o l of the r e l a t i o n s h i p s between the photosynthetic cycle a n d the t r i c a r b o x y l i c a c i d c y c l e . isomeric relatives, the s i x -and seven-membered rings, as well a s the fivemembered ring and some model substances without the s i d e chain.
The f i r s t peculiarity that we recognized about the thioctic acid was i t s color. We had available samples of both the five -and the six-membe red rings, and upon inspection i t was c l e a r that the five -membered ring had a bright yellow color, whereas the c r y s t a l of the six-membered ring appeared colorless. Now, normally, such a difference in two samples would not trouble an organic chemist a g r e a t deal, since the appearance of a yellow color in organic crystals i s quite common when crystals have remained in the laboratory f o r some time. In fact, the peaple at both the Lederle Laboratories and the University of Illinois, who had a l s o observed this characteristic, had made such an interpretation of the difference. But it occurred to us that one could easily determine whether this was s o o r not b y taking a complete absorption spectrum of the material. The results a r e shown in Fig. 7 . There i s a definite difference between the absorption spectra of the 6 -thioc tic acid and of the 5-thioc tic acid; the seven-membered ring finally reaches a spectrum resembling that of an open-chain disulfide. It became c l e a r immediately that i f these spectra we r e indeed something characteristic of the sulfur ring itself, we were then observing a specific characteristic of the size of the ring and not of the carboxyl group.
The obvious way to test this was to make the model substances which have no side chains on them, and this we did. Figure 8 shows the spectrum of trime thylene disulfide, of te trame thylene disulfide , and n -propi4 disulfide .
We actually made the pentamethylene disulfide a s well, but i t s spectrum i s not given h e r e because it was never purified sufficiently to be s u r e of the absolute values of the extinction coefficients. You can s e e (Fig. 7 ) that the spectra a r e indeed characteristic of the substances and not dependent on the side chains. An examination of the structure of these model substances p r oduces the information that the bond angles between the carbon-sulfur bonds i n the disulfide must be very nearly in the same plane in the case of the fivemembered ring, but may be rotated out of that plane m o r e and more a s one goes to bigger rings and finally to the open-chain disulfides. Figure 9a i s a photograph of such models. The open-chaAn disulfide i s to the left and shows that a carbon-sulfur bond is indeed a 90 bond, whereas when you introduce the ring, a four-carbon ring, the biggest angle that one can get between the carbon-sulfur bonds is 60", and, finally, when one ties them together with three carbon atoms the l a r g e s t angle that one can get between these two bonds i s 40°. In fact, the 40O angle constitutes a v e r y strained position in terms of carbon-hydrogen interaction. This fact seemed to us to constitute one of the essential characteristics of this five -membered ring. Figure 10 shows the spectrum of the disulfide monoxides of the fivemembered ring and of the six-membered ring, and h e r e you see that the fivemembered ring has a nice maximum at about 2500 & and the six-membered ring has no maximum but a broad absorption. In this c a s e , you will s e e , the s p e c t r a a r e inverted: The bigger the ring i s , the higher the absorption and the further to the visible; the s m a l l e r the ring i s , the lower i s the absorption and the further towards the ultraviolet. The difference between the spectra i n alcohol and in water i s interpretable in terms of the polarities of the solvent and in the fact that the strain does not exist in the disulfide monoxide. One immediately recognizes that there i s h e r e a v e r y p o l a r bond and that in all probability the absorption of light in the monoxide involves a d e c r e a s e in p o l a r i t y . The h i g h e r the polarity of the solvent, the l o w e r will be the e n e r g y of the ground s t a t e , and therefore in the m o r e p o l a r solvent the e n e r g y of the ground s t a t e will be lowered and the s p e c t r a shifted towards the ultraviolet, which i s quite the ~p p o s i t e of the way in which the s t r a i n and the solvent a f f e c t the s p e c t r u m of the disulfide itself. Now this monoxide h a s appeared in a l l of the work on thioctic acid; i t appeared in the beginning u n d e r the name of a -lipoic acid, and i t s biological function i s s t i l l unknown.
Now the next sequence of studies involved the fact that the disulfide i t s e l f i s v e r y l a b i l e --v e r y sensitive to light--and we p e r f o r m e d an investigation of the photochemical reaction of this disulfide. T h i s was r a t h e r e a s y t o do because, if one illuminates the disulfide with light which i t a b s o r b s , the s p e c t r u m of the disulfide d i s a p p e a r s gradually with the appearance of a n i s o b e s t i c point, indicating quite c l e a r l y that the photoreaction is a simple
one. F i g u r e 11 shows how the t r i m e thylene disulfide, that i s , the model subs t a n c e , i s bleached by light of 3650 wave1ength;witk light absorbed a t s h o r t e r wavelengths i t i s bleached m o r e rapidly. The s a m e experiment p e rf o r m e d with thioctic acid itself ( s e e Fig. 12) shows the initial thioctic acid and the disappearance of the disulfide band a s one illuminates the substance. Again, the s p e c t r a l changes a r e v e r y c l e a r and clean, giving an isobestic point. I t i s perhaps interesting to mention that we have m e a s u r e d the quantum yield f o r the disappearance of the disulfide in alcohol solution, and we have found i t to be v e r y n e a r l y unity throughout the absorption s p e c t r u m on both s i d e s of the maximum, a s well a s a t the maximum, indicating that v e r y n e a r l y .every molecule that absorbs a quantum anywhere i n this band cannot r e t u r n to the ground s t a t e a s disulfide but r e a c t s with the solvent. This i n i t i a l reaction with the solvent is to the production of a thiol on one s u l f u r a t o m and a sulfenic a c i d , o r e s t e r , on the o t h e r sulfur a t o m . But this c o mpound --this thiol -sulifenic acid--is a v e r y unstable m a t e r i a l and undergoes a s u c c e s s i o n of "follow reactionsq' that a r e v e r y complex. Without going into this we can simply point out that the photochemistry s o f a r d i s c u s s e d involves d i r e c t l y the absorption of light by the thioctic acid.
We now a l s o attempted to s e e if i t was possible to t r a n s f e r e n e r g y f r o m a s e n s i t i z e r to thioctic acid a d produce this s a m e s o r t of change. As s e n s i t i z e r , f o r obvious r e a s o n s , we chose a r a t h e r stable porphyrin molecule which we could make synthetically, a zinc te traphenylporphyrin s a l t . W e sought to demonstrate a d i r e c t e n e r g y t r a n s f e r between the I;orphyrin and the thioctic acid in t r u e solution; however, in the p r e s e n c e of m o l e c u l a r oxygen, the disulfide i s v e r y sensitive to photooxidation catalyzed b y the zinc porphyrin and c a n produce oxidation of the disulfide monoxide as shown in Fig. 13 , a s shown b y isolation and o t h e r ways. of sulfur -and you can see that the reaction proceeds quite nicely up to the point of oxidation to the disulfide monoxide, and then i t ceases. We were able to isolate f r o m such a reaction mixture the monoxide, s o there is little question that the porphyrin can catalyze the photooxidation of the disulfide very cleanly to the monoxide. Other dyes would cause a s i m i l a r reaction, and this i s certainly at l e a s t one of the reasons why the monoxide always shows up in the experiments in which the disulfide, o r in which the thioctic acid, is isolated.
The next reaction i s one in which we studied the d i r e c t nonphotooxidation of disulfide with persulfate (see Fig. 14) . H e r e , our method was again spectroscopic and the procedure was very simple: we observed a spectrum of the disulfide, then added the persulfate and watched the disappearance of the spectrum of the disulfide and the appearance of the spectrum of the monoxide. We measured the rate of disappearance of the disulfide, and the kine tics of this have been determined. We have examined such oxidation reactions for the disulfides with the results shown in Tab& I. (This i s the reaction of the disulfide plus the persulfate in acidified water to produce the monoxide. )
The kinetics ksvery simple; the reaction i s bimolecular in disulfide and persulfate, and Table I reproduces the bimolecular r a t e constants f o r a s e r i e s of disulfides. The five -membered ring (regular thioctic acid) has a v e r y high rate constant and i s very easily oxidized by persulfate. When one enlarges the ring to the six-membered ring, the rate drops by a factor of approximately thirty. When one e~l a r g e s the ring still f u r t h e r to a sevenmembered ring, i t i s barely attacked at all by the persulfate. Finally, if there i s no ring a t all --an open-chain disulfide --again the rate i s approximately zero. This shows that the s t r a i n introduced by closing the ring down to a five -membered ring leads to v e r y e a s y oxidation by persulfate in a quantitative way. In addition to that, we have in Table I a fifth compound, 8-methylthioctic acid, a compound containing one more carbon atom on the f a r side of the ring from the carboxyl chain. Here the s t r a i n s e e m s to have increased by roughly a factor of two, a t l e a s t a s f a r a s i t i s measured in t e r m s of the rate of oxidation. This 8 -methylthioctic acid has some antithioc tic properties, but they a r e very weak. Figure 9b i s a photograph of the models of 8-methylthioctic acid and thioctic acid itself, showing the position of the methyl group here a s compared with thioctic acid, and a reason for the somewhat g r e a t e r s t e r i c effect arising f r o m the methyl group upon the oxidation of the sulfur. Not all of the evidence has been given to demonstrate the existence of the strain in the disulfide bond when one closes i t into a five-membered ring.
In order to cumplete this phase of the discussion I think i t i s worth while to give you what evidence we have regarding the quantitative measurements of the strain eneltgy in this ring. One way of determining this strain energy would be the determination a€ equilibrium constants in which one side of the reaction contained the five-membered ring and the other side did not, but did contain the same number of disulfide links; i t is very e a s y to s e t up what looks like this sys tem, and we were able to do it by allowing the t r irnethylene disulfide to react with mercaptoethanol and a few other simple mercaptans.
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WAVELENGTH F i g . 14. Oxidation of t r i m e thylene disulfide b y ammonium pe rsulfate. Table I Kine tics of disulfide reaction with p e r s u l f a t e , ----. In F i g . 15 you can s e e that the reaction with mercaptoethanol will lead to the opening of the ring and formation of a new sulfule-sul'fur bond. . .
We-hake the same number and kinds of sulfur bonds on both sides; the difference between the two sides should be the s t r a i n e n e r g y of the fivem e m b e r e d ring. It was quite e a s y to m e a s u r e what looked like an equilibriu m h e r e , because the s p e c t r u m of the ring h a s a nice absorption, a s shown e a r l i e r , a t 3300 1 , but there is nothing on the right-hand side that a b s o r b s in this region. So, all that was required was to mix the two components in various ratios and determine by the s p e c t r u m the amount of ring disulfide p r e s e n t . One could shift the equilibrium backward by simply diluting the reaction mixture, and you s e e on the right-hand side the product is one molecule, on the left-hand side two molecules, s o that the equilibrium should shift backward b y dilution-and indeed i t does. Measurements of this equilibrium const,ant a s a function of t e m p e r a t u r e produce a AH f o r this reaction of about 4 to 5 kcal, which i s much s m a l l e r than we had originally anticipated. Quite recently, Suner in Sweden h a s made d i r e c t m e a s u r e m e n t s of combustion heats of a s e r i e s of compounds related to t h i s , and h a s come to a s i m i l a r conclusion: that the AH-strain ene rgy-in this molecule, m e a s u r e d f r o m the combus tion h e a t s , a p p e a r s to be 3 to 5 kcal. Frankly, I do not understand why it i s s o s m a l l if these m e a s u r e m e n t s a r e c o r r e c t . I think i t should be l a r g e r . P e r h a p s something h a s escaped u s , but this is the way the experimental facts stand a t the moment.
Now another piece of quantitative information about the disulfides conc e r n s the oxidation potentials. You can s e e that we can d e s c r i b e a simple relation between disulfides and dithiols of this sort: We m a y write the oxidation-reduction potentials for the half reaction, thioctic acid to a plant should improve the efficiency with which i t can use light.
This we have been able to do, and Fig. 17 shows the type of experiment we were able to achieve with a green alga. Here the control i s the S-cenedesmus without any added thioc tic acid; the open c i r c l e i s the result when one adds thioctic acid to the Scenedesmus culture and measures the rate of evolution of molecular oxygen. You can see that h e r e in ten minutes, for example, almost half again a s much oxygen has been evolved f r o m the same algae in the same light when we have added thioctic acid present a s when we do not. Another way of expressing this would be to s a y that the efficiency of the quantum conversion has been improved by 500/0, which i s quite a large improvement.
Now an experiment such as this demonstrates quite clearly that the thioctic acid i s indeed in the sequence of events f r o m the absorption of light to the production of molecular oxygen and has something to do with it. But whether any intermediate hydrogen c a r r i e r lies between the lightabsorption act and thioctic acid remains to be determined. In o r d e r to get this effect, one must allow the algae to be in contact with thioctic acid for at l e a s t ten minutes. This suggests that the thioctic acid itself, a s f r e e acid, i s not effective in this reaction, but that it must be metabolized in some aerobic process to produce the active form of thioctic. (1 shall not go through the synthetic procedure because there was not anything particularly new in it in the way of synthetic reactions. The only thing that is necessary to s a y i s that we went through the 6 , 8 -dibromide and radioactive sulfur ,labeled benzylmercaptan to give the dibenzylmercaptooctanoic acid, which was then reduced with sodium in liquid ammonia to produce the dithiol -labeled thioctic acid. This in turn was oxidized with catalytic amounts of iron and molecular oxygen to the disulfide.) W e made some relatively high-specificactivity thioctic acid--I think i t was of the order (sf 50 pc/mg. The specific activity of the l a s t preparation P was telling you about was 58 pc/mg, which is high specific activity for materials of this kind. The algae were inoculated with this sulfur-labeled thioctic acid and the fractionation of the organisms was made, dividing them into plastid and nonplastid materials. Pt was found (Tablk HI) that between approximately 5% and 10% of the incorporated thioctic acid i s i n the plas tids, about 20% in the supernatant material, and the remainder in the insoluble compounds. F r o m all three, upon acid hydrolysis ( s e e Table PHI), one can recover only labeled thioctic acid o r labeled thioc tic acid monoxide.
-2 9-WCRE-3338 This immediately tells u s that even a f t e r four h o u r s of metabolism the s u l f u r is not removed f r o m the thioctic acid and incorporated into other compounds such a s cys teine, cys tine, etc. In the supernatant and insoluble m a t e r i a l , the thioctic a c i d i s found in some v e r y e a s i l y hydrolyzable farm; v e r y mild t r e a t m e n t with dilute a c i d l i b e r a t e s the f r e e thioctic acid o r i t s oxide. In the p l a s t i d s , however, the thisctic acid i s in quite a different f o r m --i t is in the f o r m of a fat o r lipid and i t i s not v e r y e a s i l y hydrolyzed.
( T h e complete c h a r a c t e r i z a t i o n of this lipid h a s yet to be made. ) But f r y m the lipid one c a n obtain, again upon complete hydrolysis, only the disulfide o r the monoxide, and the hydrolysis r a t e s a r e given i n Table IV . An initial hydrolysis o c c u r s f a i r l y rapidly, and l a t e r m o r e slowly; f u r t h e r m o r e , i n this i n t e r m e d i a t e phase of the hydrolysis there a p p e a r s a sulfur-labeled thioc tic acid-containing compound which h a s a chromatography c h a r a c t e r i s t i c lying between that of the lipid and that of the f r e e acid. Experiments with l i p a s e s in an attempt to c h a r a c t e r i z e the nature of the lipid-thioctic acid complex have been inconclusive because the specificity of the l i p a s e s that we had was not sufficiently g r e a t . But the c h a r a c t e r i s t i c s of the hydrolysis c u r v e s , taken together with other p r o p e r t i e s , s e e m to demonstrate quite conclusively that the thioctic acid i n the plastids is a l l i n the form of a glyceride, o r a t l e a s t with i t s carboxyl esterified. Hn a l l probability, i t i s a glyceride, but this r e m a i n s yet to be established. I t is v e r y difficult to -30 -UCRL -3338 Table IV Hydrolysis of 6 -thioctic acid lipid with 0.1 N HC1 a t 1 1 0~~ -Time P e r c e n t hydrolysis 10 min 30 min 1 h r 3 h r separate i t f r o m the phytol-containing plant pigments, and i t requires a double chromatography to achieve the separation, but we can s a y now that it i s not attached to chlorophyll a s i t would seem.
I think that when we shall know the precise character of the lipidthioctic acid complex, which i s the photochemically important one, we m a y be able to do experiments with plant fragments instead of with entire plants, adding this particular complex of thioc tic acid. (This, of course, will apply to other organisms and functions a s well. )
There is much m o r e to s a y about the photochemical relationships of thioctic acid, but time will not allow it here. We must reserve some time f o r discussion, and I therefore close these remarks by saying that while we
do not yet know the precise position occupied by thioctic acid in the chain of photochemical transformations, we do know that i t i s in that chain of energy transformation. We have a number of experiments in progress now which may help us eventually to place i t precisely in the chain, and we have i n the l a s t year suggested that nothing lies between the excited chlorophyll and thioctic acid--that the electron i s handed directly f r o m the excited chlorophyll to the thioctic acid. This may not be true, and remains f o r the future, to be determined.
